Abstract-We have studied a sample containing ∼ 6000 OB stars with proper motions and trigonometric parallaxes from the Gaia DR2 catalogue. The following parameters of the angular velocity of Galactic rotation have been found: Ω 0 = 29.70 ± 0.11 km s
INTRODUCTION
Stars of spectral types O and B are an important tool for studying the Galaxy and its subsystems. Being young, they trace well the spiral arms, because most of them have not receded very far (except for the small percentage of high-velocity runaway stars) from their birthplace. OB stars have nearly circular Galactic orbits and, therefore, serve as an excellent material for studying the Galactic rotation. They are visible from great distances and, therefore, are well suited for studying the Galactic disk structure, the spiral pattern, the central bar, young open star clusters, OB associations, and various star-forming regions. Such studies were performed, for example, by Y.M. Georgelin and Y.P. Georgelin (1976) , Byl and Ovenden (1978) , Maiz-Apellániz (2001), Zabolotskikh et al. (2002) , and Russeil (2003) .
At present, the Gaia space experiment (Brown et al. 2016 ) is a valuable data source for studying the structure and kinematics of the Galaxy. The Gaia second data release, Gaia DR2, was published in April 2018 (Brown et al. 2018; ). It contains the trigonometric parallaxes and proper motions of ∼1.3 billion stars. The mean trigonometric parallax errors lie in the range 0.02-0.04 mas for bright stars (G < 15 m ) and reach 0.7 mas for faint stars (G = 20 m ). For more than 7 million stars of spectral types F-G-K the line-of-sight velocities have been determined with a mean error of ∼1 km s −1 . The errors in the line-of-sight velocities of OB stars are known to be considerably larger due to the peculiarities of the spectra for these stars.
Highly accurate Gaia DR2 data have already yielded a number of significant kinematic results. For example, based on Gaia DR2 data, A sample containing ∼500 OB stars with parallaxes and proper motions from the Gaia DR2 catalogue was studied by Bobylev and Bajkova (2018b) . The goal of this paper is to improve the Galactic rotation parameters and the parameters of the Galactic spiral density wave based on a huge sample of OB stars for which the trigonometric parallaxes and proper motions are available in the Gaia DR2 catalogue. Such a sample of OB stars containing data on 5772 stars has recently been published by Xu et al. (2018) .
METHOD Galactic Rotation Parameters
We know three stellar velocity components from observations: the line-of-sight velocity V r and the two tangential velocity components V l = 4.74rµ l cos b and V b = 4.74rµ b along the Galactic longitude l and latitude b, respectively, expressed in km s −1 . Here, the coefficient 4.74 is the ratio of the number of kilometers in an astronomical unit to the number of seconds in a tropical year, and r = 1/π is the stellar heliocentric distance in kpc that we calculate via the stellar parallax π. The proper motion components µ l cos b and µ b are expressed in mas yr −1 . To determine the parameters of the Galactic rotation curve, we use the equations derived from Bottlinger's formulas, in which the angular velocity Ω is expanded into a series to terms of the second order of smallness in r/R 0 :
where R is the distance from the star to the Galactic rotation axis:
The quantity Ω 0 is the angular velocity of Galactic rotation at the solar distance R 0 , the parameters Ω Note a number of studies devoted to determining the mean distance from the Sun to the Galactic center using its individual determinations in the last decade by independent methods. For example, R 0 = 8 ± 0.2 kpc (Vallée 2017), R 0 = 8.4 ± 0.4 kpc (de Grijs and Bono 2017), or R 0 = 8 ± 0.15 kpc (Camarillo et al. 2018 ). Based on these reviews, here we adopted R 0 = 8 ± 0.15 kpc.
The kinematic parameters are determined by solving the conditional equations (1) and (2) by the least-squares method (LSM). We use weights of the form w r = S 0 / S 2 0 + σ 2 Vr and
, where S 0 is the "cosmic" dispersion, σ Vr and σ V l are the dispersions of the corresponding observed velocities. S 0 is comparable to the root-mean-square residual σ 0 (the error per unit weight) that is calculated when solving the conditional equations (1) and (2) . In this paper we adopted S 0 = 12 km s −1 typical for young stars. The system of equations (1) and (2) is solved in several iterations using the 3σ criterion to eliminate the stars with large residuals.
When the stars distributed uniformly over the celestial sphere are analyzed, a third equation, where the components V b are on the left-hand side, is also used. When analyzing the OB stars located virtually in the Galactic plane, where sin b ≈ 0, using the equation with V b is ineffective. However, even when the system of conditional equations (1) and (2) is solved simultaneously, the velocity W ⊙ is determined poorly. Therefore, in this paper we assume it to be known, W ⊙ = 7 km s −1 .
Influence of the Spiral Density Wave
To study the influence of the Galactic spiral density wave, it is first necessary to calculate three space velocities U, V, W for each star, where U is directed from the Sun to the Galactic center, V is in the direction of Galactic rotation, and W is directed to the north Galactic pole. These velocities are calculated via the components V r , V l , and V b :
Thus, they can be determined only for those stars for which both line-of-sight velocities and proper motions have been measured. We can find two velocities, V R directed radially away from the Galactic center and the velocity V circ orthogonal to it pointing in the direction of Galactic rotation, based on the following relations:
where the position angle θ obeys the relation tan θ = y/(R 0 − x), and x, y, z are the rectangular heliocentric coordinates of the star (the velocities U, V, W are directed along the corresponding x, y, z axes), V 0 is the linear rotation velocity of the Galaxy at the solar distance R 0 . The velocities V R and W are virtually independent of the pattern of the Galactic rotation curve. To analyze the periodicities in the tangential velocities, it is necessary to form the residual velocities ∆V circ by taking into account a smoothed Galactic rotation curve.
According to the linear theory of density waves (Lin and Shu 1964) , the influence of the spiral density wave is described by the following relations:
where
is the phase of the spiral density wave (m is the number of spiral arms, i is the pitch angle of the spiral pattern, and χ ⊙ is the Sun's radial phase in the spiral density wave); f R and f θ are the amplitudes of the radial and tangential velocity perturbations, which are assumed to be positive. As an analysis of the present day highly accurate data showed, the periodicities associated with the spiral density wave also manifest themselves in the vertical velocities W (Bobylev and Bajkova 2015; Rastorguev et al. 2017 ).
We apply a modified spectral analysis (Bajkova and Bobylev 2012) to study the periodicities in the velocities V R and ∆V circ . The wavelength λ (the distance between adjacent spiral arm segments measured along the radial direction) is calculated from the relation
Let there be a series of measured velocities V Rn (these can be both radial (V R ) and tangential (∆V circ ) velocities), n = 1, . . . , N, where N is the number of objects. The objective of our spectral analysis is to extract a periodicity from the data series in accordance with the adopted model describing a spiral density wave with parameters f, λ (or i) and χ ⊙ . Having taken into account the logarithmic behavior of the spiral density wave and the position angles of the objects θ n , our spectral (periodogram) analysis of the series of velocity perturbations is reduced to calculating the square of the amplitude (power spectrum) of the standard Fourier transform (Bajkova and Bobylev 2012):
whereV λ k is the kth harmonic of the Fourier transform with wavelength λ k = D/k, D is the period of the series being analyzed,
The sought-for wavelength λ corresponds to the peak value of the power spectrum S peak . The pitch angle of the spiral density wave is derived from Eq. (8) . The pitch angle of the spiral density wave is derived from Eq. (9). We determine the perturbation amplitude and phase by fitting the harmonic with the wavelength found to the observational data. The following relation can also be used to estimate the perturbation amplitude:
Thus, our approach consists of two steps: (i) the construction of a smooth Galactic rotation curve and (ii) a spectral analysis of the radial (V R ) and residual tangential (∆V circ ) velocities. This method was applied by Bobylev and Bajkova (2012, 2018b) to study the kinematics of young Galactic objects.
Monte Carlo Simulations
We use Monte Carlo simulations to estimate the errors in the parameters of the spiral density wave being determined. In accordance with this method, we generate M independent realizations of data on the parallaxes and velocities of objects with their random measurement errors that are known to us. We assume that the measurement errors of the data are distributed normally with a mean equal to the nominal value and a dispersion equal to σ l = error l , l = 1, . . . , N d , where N d is the number of data and error l denotes the measurement error of a single measurement with number l (one sigma). Each element of a random realization is formed independently by adding the nominal value of the measured data with number l and the random number generated according to a normal law with zero mean and dispersion σ l . Note that the latter is limited from above by 3σ l .
Each random realization of data with number j (j = 1, . . . , M) generated in this way is then processed according to the algorithm described above to determine the sought-for parameters f j R , λ j , and χ j ⊙ . The mean values of the parameters and their dispersions are then determined from the derived sequences of estimates:
The statistical parameters of the spiral density wave pitch angle i can be determined using Eq. (8): m i ± σ i .
DATA
In this paper we use the catalogue of OB stars produced by Xu et al. (2018) . It gives the proper motions and trigonometric parallaxes taken from the Gaia DR2 catalogue for 5772 stars of spectral types O-B2. For ∼2000 OB stars it gives the line-of-sight velocities taken from the SIMBAD 1 electronic database. Note that in the catalogue by Xu et al. (2018) the line-of-sight velocities of OB stars are given relative to the local standard of rest and, therefore, we convert them to the heliocentric ones in advance using the parameters of the standard solar apex (U, V, W ) ⊙ = (10.3, 15.3, 7.7) km s −1 .
Correction to the Gaia DR2 Parallaxes
The presence of a possible systematic offset ∆π = −0.029 mas in the Gaia DR2 parallaxes with respect to an inertial reference frame was first pointed out by . Here, the minus means that this correction should be added to the Gaia DR2 stellar parallaxes to reduce them to the standard. Completely new results are of greatest interest. Stassun and Torres (2018) found the correction ∆π = −0.082 ± 0.033 mas by comparing the parallaxes of 89 detached eclipsing binaries with their trigonometric parallaxes from the Gaia DR2 catalogue. These stars were selected from published data using very rigorous criteria imposed on the photometric parameters. As a result, the relative errors in the stellar radii, effective temperatures, and bolometric luminosities, from which the distances are estimated, do not exceed 3%.
By comparing the Gaia DR2 trigonometric parallaxes and photometric parallaxes of 94 OSCs, Yalyalieva et al. By comparing the distances of ∼3000 stars from the APOKAS-2 catalogue (Pinsonneault et al. 2018) belonging to the red giant branch with the Gaia DR2 data, found the correction ∆π = −0.053 ± 0.003 mas. These authors also obtained a close value, ∆π = −0.050 ± 0.004 mas, by analyzing stars belonging to the red giant clump. The distances to such stars were estimated from asteroseismic data. According to these authors, the parallax errors here are approximately equal to the errors in estimating the stellar radius and are, on average, 1.5%. Such small errors in combination with the enormous number of stars allowed ∆π to be determined with a high accuracy.
The listed results lead to the conclusion that the trigonometric parallaxes of stars from the Gaia DR2 catalogue should be corrected by applying a small correction. We will be oriented to the results of Yalyalieva 
RESULTS

The Entire Sample of OB Stars
Let us first consider all our OB stars for various constraints on the relative trigonometric parallax errors and various corrections of the zero point of the Gaia DR2 parallaxes, ∆π. Table 1 gives the kinematic parameters obtained for various corrections to the Gaia DR2 parallaxes as a result of the separate solutions of Eqs. (1) and (2). We used OB stars with relative trigonometric parallax errors less than 15%. As can be seen from the table, there is a noticeable influence of the correction ∆π when the kinematic parameters are determined using the line-of-sight velocities of stars (the upper part of Table 1 ). The second derivative of the angular velocity of Galactic rotation Ω ′′ 0 . is affected most strongly here. The last row in Table 1 gives the ratio of the first derivative of the angular velocity found using only the line-of-sight velocities (Ω ′ 0 ) Vr to the one found using only the proper motions
This method is based on the fact that the estimate of the first derivative of the angular The results obtained only from the line-of-sight velocities V r (Eq. (1)) and only from the component V l (Eq. (2)) are given in the upper and lower parts, respectively. N ⋆ is the number of stars used. 
Having analyzed more than 50 000 stars from the TGAS catalogue (Brown et al. 2016 ), Bobylev and Bajkova (2018a) obtained an estimate of p = 0.97 ± 0.04. by this method. According to the results in Table 1 , we can see that the distance scale factor p tends to unity as the correction ∆π increases. On the other hand, the noticeable deviations of this factor from unity in the first columns of the table are determined almost entirely by Ω ′ 0Vr . It can be concluded that the quality of the line-of-sight velocities for this sample of OB stars is low. Table 2 gives the kinematic parameters found when simultaneously solving the system of equations (1) and (2) for various constraints on the relative errors of the parallaxes from the Gaia DR2 catalogue. Here, the correction ∆π = 0.050 mas was added to the parallaxes of OB stars. The simultaneous solution is as follows. The OB stars with proper motions, line-of-sight velocities, and distances give two equations, (1) and (2), while the stars for which only the proper motions are available give only Eq. (2). As can be seen from Table  1 , the stars with line-of-sight velocities are approximately half those with proper motions.
Based on a sample of 5335 stars, to the parallaxes of which we added the correction ∆π = 0.050 mas, we found the following kinematic parameters from the solution of only Eq. (1) and (2) for various constraints on the relative errors of the parallaxes from the Gaia DR2 catalogue; the correction ∆π = 0.050 mas was added to the parallaxes of OB stars 
where the error per unit weight is σ 0 = 12.33 km s −1 , the Oort constants are A = 16.14±0.13 km s −1 kpc −1 and B = −13.56 ± 0.17 km s −1 kpc −1 , and the linear rotation velocity of the Galaxy at the solar distance is V 0 = 237.6 ± 4.5 km s −1 . The parameters (12) should be compared with those given in the last column of Table 2 , because both these solutions were obtained for identical constraints. Such a comparison shows that in the case where only the proper motions of OB stars (solution (12) ) are used, the kinematic parameters are determined with smaller errors compared to the results of the simultaneous solution (Table 2) .
OB Stars with Line-of-Sight Velocities
In this section we analyze the OB stars for which complete information is available. Thus, there are measurements of their trigonometric parallaxes, proper motions, and line-of-sight velocities. Such a sample contains more than 2000 OB stars. For each such star we can calculate the velocities U, V, W as well as V R and V circ . The results of our analysis of these stars are presented in Figs. 1-4 .
Previously (Tables 1 and 2 ), Eqs. (1) and (2)were solved in several iterations using the 3σ criterion to eliminate the stars with large residuals. Now, when selecting the OB stars, we use the following additional constraints to improve the quality of the space velocities (due to the low quality of the series of line-of-sight velocities for our OB stars): where the rotation curve (12) was taken into account when calculating the velocities U, V, and W. Figure 1 shows the distribution of 2023 OB stars with relative parallax errors no more than 30% on the Galactic XY plane. The distances to them were calculated by applying the correction ∆π = 0.050 mas to the original trigonometric parallaxes. The Roman numerals in the figure number the following spiral arm segments: Scutum (I), Carina-Sagittarius (II), Perseus (III), and the Outer Arm (IV). Figure 2 plots the circular velocities of 2023 OB stars against the Galactocentric distance and presents the Galactic rotation curve constructed according to the solution (12) .
Based on the deviation from the Galactic rotation curve (12), we calculated the residual circular velocities ∆V circ for this sample of OB stars. Next, based on the series of their radial (V R ) and residual tangential (∆V circ ) velocities, we found the parameters of the Galactic spiral density wave by applying a periodogram analysis. Figure 3 shows the power spectra for the velocities of OB stars. It is clearly seen from this figure that the peaks of the distribution lie almost at the same λ. Indeed, the perturbation wavelengths are λ R = 2.1 ± 0.5 kpc (for checking, we calculate the pitch angle i = −9 ± 2
• for the adopted four-armed spiral pattern, m = 4, from Eq. (8)) and λ θ = 1.9 ± 0.5 kpc (i = −9 ± 2
• ). The amplitudes of the radial and tangential velocity perturbations are f R = 5.1 ± 1.2 km s −1 and f θ = 4.4 ± 1.4 km s −1 , respectively. Figure 4 presents the radial and residual tangential velocities of OB stars. The corresponding periodic curves constructed with the parameters found as a result of our spectral analysis are shown. It is clearly seen that these curves, in Figs. 4a and 4b, run with a phase shift of approximately 90
• . We measure the Sun's phase in the spiral density wave χ ⊙ from the Carina-Sagittarius arm (R ∼ 7 kpc); in our case, its value turned out to be −178 ± 12
• . • . is given in the review of Vallée (1917b) . Then, at m = 4 and R 0 = 8 kpc λ = 3 kpc follows from Eq. (8) . It can be seen that an analysis of our sample of OB stars gives a smaller λ and, accordingly, a smaller pitch angle |i| : 9
DISCUSSION
• − 10 • . According to the model estimates by Burton (1971) , the amplitudes of the velocity perturbations from a density wave (f R , f θ ) depend on R. Both these velocity perturbations have a fairly broad maximum in the region 0.5R 0 < R < 0.9R 0 , reaching ≈ 8 km s −1 (f R is everywhere larger than f θ by ≈ 1 km s −1 ); the velocity perturbations are about 4 km s phase lies within the range 100 − 140
• . As we see, the Sun's phase in the spiral density wave −178 ± 12
• found by us differs noticeably from the listed results of other authors that were obtained by analyzing young objects.
CONCLUSIONS
We studied the kinematic properties of a large sample of OB stars (∼6000 stars) with proper motions and trigonometric parallaxes from the GaiaDR2 catalogue and partly also with their line-of-sight velocities (∼2000 stars). For this purpose, we used the catalogue of OB stars produced by Xu et al. (2018) .
We analyzed the separate and simultaneous solutions of the basic kinematic equations for various constraints on the relative trigonometric parallax errors and various corrections of the zero point of the Gaia DR2 parallaxes, ∆π. As a result, we showed that in the solar neighborhood under consideration (with a radius of about 4 kpc) the parameters of the smooth Galactic rotation curve are determined more accurately in the solution where only the proper motions of OB stars are used (solution (12)), which was obtained with the involvement of 5335 OB stars. We showed that there is a noticeable influence of the correction ∆π when determining the kinematic parameters in the case where the line-of-sight velocities of OB stars are used. Ω ′′ 0 is affected most strongly here. To study the influence of the Galactic spiral density wave, we used a sample of 2023 OB stars with relative parallax errors no more than 30% as well as with known line-ofsight velocities and proper motions. The amplitudes of the tangential and radial velocity perturbations produced by the spiral density wave are f θ = 4.4±1.4 km s −1 and f R = 5.1±1.2 km s −1 , respectively; the perturbation wavelengths are λ θ = 1.9 ± 0.5 kpc and λ R = 2.1 ± 0.5 kpc for the adopted four-armed spiral pattern. The Sun's phase in the spiral density wave was found to be χ ⊙ = −178
• ± 12
• .
